D espite remarkable advances in pharmacologic therapy and invasive management strategies for patients with non-ST-segment elevation acute coronary syndromes (NSTE ACS), these patients still suffer substantial morbidity and mortality. They also comprise a very heterogeneous spectrum of risk for adverse cardiac events. Several tools have been used to help calculate patient risk because identification of patients at the highest risk for worse outcomes is important in making judicious medical decisions. 1 In the Superior Yield of the New Strategy of Enoxaparin, Revascularization, and GlYcoprotein IIb/IIIa Inhibitors (SYNERGY) trial, patients at high risk for death and myocardial infarction were randomly assigned to low-molecular-weight heparin (enoxaparin) or unfractionated heparin (UFH). These patients were treated with an early invasive management strategy. The 30-day, 6-month, and 1-year clinical outcomes have been previously reported, confirming that this was a high-risk cohort of patients with nearly 7.5% mortality at 1-year follow-up. 2, 3 This large database provides an opportunity to develop clinically meaningful models using simple clinical and demographic information to predict long-term outcomes. It is hypothesized that several different models may be of some clinical value to physicians: (1) a model to predict 30-day mortality; (2) a model to predict 1-year mortality; and (3) a model to predict 1-year mortality in 30-day survivors. The latter model is the focus of this paper.
These models may help physicians to easily identify patients at higher risk for worse outcomes at the time of hospital admission and during follow-up visits in the clinic after hospital discharge. The follow-up clinic visit, in particular, is a time during which the physician (who may not have been involved with patient care during the hospital admission) needs to provide patient and family education and establish expectations for long-term prognosis. A simple model may be a valuable tool to help guide these discussions.
METHOD Study Population
The rationale and design as well as the primary results of SYNERGY have been previously reported. [2] [3] [4] Inclusion criteria were ischemic symptoms lasting for at least 10 minutes occurring within 24 hours of enrollment and at least 2 of the following features: age ≥60 years, troponin or creatinine kinase-MB elevation above the upper limit of normal for the local laboratory, or definitive ST-segment changes on 12-lead electrocardiograph.
Study Design
Patients were randomly assigned to enoxaparin or UFH and remained eligible if they had been already started on antithrombin therapy as long as they met all inclusion criteria. Study drug assignment was independent of pre-enrollment antithrombin use. The study drug was to be given immediately after randomization and continued through coronary angiography and percutaneous or surgical revascularization, if indicated, or until no further antithrombin was needed at the discretion of the treating physician. Specific dosing guidelines for UFH and enoxaparin have been reported. [2] [3] [4] Choice and use of all other medications during the baseline hospitalization, at the time of hospital discharge, and through long-term observation were at the discretion of the treating clinician with recommendation to follow the published practice guidelines.
5,6
Patient Follow-Up
Detailed data were collected during the baseline hospitalization. Patients were contacted by telephone or seen in the clinic at 30 days after enrollment (minimum ≥27 days). Patients were subsequently contacted by telephone at 180 days (minimum ≥120 days) for ascertainment of cardiac events and by telephone at 1 year (minimum ≥10 months) to determine survival status. If patients were not able to be contacted by telephone, medical records were reviewed, national death indices were queried, or, if necessary, a private locator service was used (in the USA only).
Statistical Analyses
The protocol prespecified the incidence of death at 1 year as a key secondary end point. Overall, 10,027 patients were enrolled in the study, but 9,978 were included in the primary efficacy analyses because the first 49 patients enrolled in 1 country were not randomly assigned because of an error with the interactive voice-activated randomization system. Categorical variables are presented as frequencies and percentages, and continuous variables are presented as medians and 25th and 75th percentiles. The Kaplan-Meier method was used to estimate the probability of death through 1 year, and efficacy comparisons were based on an intentionto-treat strategy using the log-rank test. Creatinine clearance was calculated using the Cockcroft-Gault formula.
A series of multivariable Cox proportional hazards models were constructed to identify independent predictors of 30-day mortality and 1-year mortality in the overall population and 1-year mortality in patients who survived through 30 days. 2 Potential baseline covariates for both models were randomized treatment, age, sex, weight, height, race, time from symptoms to randomization, region of the world, smoking status, creatinine clearance, Killip class, systolic and diastolic blood pressures, ST-segment elevation and depression, T-wave inversion, diabetes, hypertension, concomitant medications, prior coronary artery disease, recent angina, prior peripheral vascular disease, prior myocardial infarction, prior congestive heart failure, prior percutaneous coronary intervention (PCI), prior coronary artery bypass grafting (CABG), criteria for enrollment, heart rate, rales, hemoglobin, hematocrit, and platelet count. For the 30-day-to-1-year model, the following events up to 30 days were also considered. Inhospital factors were shock, congestive heart failure, atrial fibrillation, cardiac arrest, and nadir lab values. Factors at 30 days were weight, systolic and diastolic blood pressures, and concomitant medications. Factors from baseline through 30 days were myocardial infarction, stroke, recurrent ischemia, and PCI or CABG.
The linearity assumption for all continuous measures was evaluated in the Cox proportional hazards model using restricted cubic spline transformations. Appropriate transfor- mations were made to the variables when needed. The proportional hazards assumption was evaluated for each of the factors. If a factor was found to violate this assumption, it was stratified for modeling. Both backwards and stepwise regression variable selection techniques were used. The results of these 2 techniques were compared, and the final model was based on clinical relevance. For the model to predict mortality at 1 year in 30-day survivors, a subsequent model of baseline factors and events during baseline hospitalization and at 30 days was developed, and the most significant factors were used in a nomogram. 7 The nomogram allows one to calculate the predicted probabil- ‡The odds ratio for current smoker vs others is by randomized treatment arm because there is a statistically significant interaction term between the two factors, thus, the interpretation of one must be with regard to the other. Similarly, the odds ratio for enoxaparin vs UFH is by smoking group. §Age ≥60, ST-segment changes, and negative cardiac biomarkers. ity of death during this time period using a simple algorithm at the time at which a patient enters the hospital. The reduced model was validated using 200 bootstrapped samples. The cindex for the reduced model was recalibrated to account for the optimism from having generated the model on the same data on which it was tested. SAS ® version 8.2 was used for all analyses (Cary, NC, USA). A P value of 0.05 was considered statistically significant, bearing in mind the secondary nature of these analyses.
RESULTS
Complete follow-up through 1 year was available for a total of 9,922/9,978 (99.4%) patients: 4,974 (99.6%) of patients assigned enoxaparin and 4948 (99.6%) of patients assigned UFH. Missing follow-up data because of withdrawal of consent (4 enoxaparin and 7 UFH patients) or lack of patient contact (lost to follow-up; 15 enoxaparin and 30 UFH patients) occurred in only 0.6% of all patients.
Overall, 314 patients died by 30-day follow-up, 227 patients died from 30 days through 180 days, and 198 died from 180 days through 1 year after enrollment, making for a total of 739 patients who died by 1 year. Table 1 shows the proportion of patients who died by 1-year follow-up by inclusion criteria. Patients who met all 3 key inclusion criteria have a 1 in 10 chance of dying by 1 year. Figure 1 shows the Kaplan-Meier curves for survival from death by treatment. While most deaths occurred early after presentation, there is still accrual of deaths during 1-year follow-up, with nearly 8% overall mortality by 1 year. Table 2 shows baseline clinical demographics and index hospitalization procedures in patients who died before 30 days, died between 30 days and 1-year follow-up, and survived to 1 year. As expected, patients who died early were older, had more comorbidities, and had fewer cardiac procedures during the index hospitalization because they either died or were too sick to have procedures. Tables 3, 4 , and 5 show the results of the multivariable regression modeling for mortality at 30 days, 1 year, and 1 year in 30-day survivors. Independent baseline predictors of mortality from hospital arrival through 1 year included increased age, male sex, decreased weight, ever having smoked, decreased creatinine clearance, Killip class 3 or 4, ST-segment depression, history of diabetes, peripheral vascular disease or congestive heart failure, having biomarkers as part of the inclusion criteria, increased heart rate, rales, and an absence of T-wave inversion (c-index=0.789, bootstrapped=0.785). In patients surviving 30 days after enrollment, independent predictors of 1-year mortality included factors known at baseline such as increased age, male sex, decreased weight, having ever smoked, decreased creatinine clearance, STsegment depression, history of diabetes, history of angina, congestive heart failure, CABG, increased heart rate, rales, increased hematocrit, lowered hemoglobin, and higher platelet count. Factors during the hospitalization and 30-day follow-up period that were also important in the 30-day-to-1-year model were decreased weight at 30 days from baseline, atrial fibrillation, decreased nadir platelet, no use up to 30 days of beta-blockers and statins, and not receiving an intervention (c=0.822, bootstrapped=0.816).
Although the 3 models vary with regard to the candidate variables-baseline factors are only included in Tables 3 and 4 important comparisons can be made about the clinical characteristics predictive of mortality in the 3 models. Increased age, increased weight, diabetes, smoking, male sex, renal dysfunction, and prior cardiac events such as congestive heart failure remain, as expected, key predictors of long-term mortality, but the relative contribution of each factor may change.
A nomogram was generated using the most significant subset of patient-specific factors from the final 30-day-to-1-year model (Fig. 2) . This procedure applies a Cox proportional hazards model to this subset and uses the coefficients from this model to develop scores for each factor in the model. The scores are associated with probabilities of survival at day 365 (assuming baseline is at day 30) and can thus be used to estimate a subsequent event (Fig. 3 ). The reduced model had a c-index of 0.734. When validated, the bootstrapped c-index was 0.728.
DISCUSSION
The 1-year follow-up data from the SYNERGY trial patients show that this cohort of ACS patients remains at high risk for mortality through 1-year follow-up. Overall, 7.5% of patients died, with 42.5% of the deaths occurring within 30 days of randomization, but patients in this population continue to die during long-term follow-up. No difference was found in mortality rates between enoxaparin and UFH. 
Treatment Effect on Mortality
Despite the significant morbidity associated with NSTE ACS, no therapeutic intervention evaluated in the last 10 years has been shown to improve mortality in this patient population. While there have been tremendous advances in the understanding of the pathophysiology of ACS and the importance of a variety of pharmacologic interventions, as well as a greater appreciation of the need for invasive management approaches and improvements in revascularization techniques and devices, the primary impact of these advances has been the reduction in ischemic complications. Therefore, it is expected that the randomly allocated study medication, given for a few days, would not affect mortality.
Need for Models that Predict Clinical Outcomes
There is a growing need for clinical prediction tools. Many important contributions have been made with such tools, although the relative merits of various tools have been debated. 1, [8] [9] [10] The models presented in the current study are developed from a large cohort of patients with higher risk for worse outcomes than have been previously studied. Also, a model that can be used to reassess long-term risk in those patients who survive the acute event provides a unique tool for clinicians to use during outpatient follow-up when reevaluation and review of risk and expectations with patients and family members is critical. While our ability to predict outcomes based on simple, readily available markers is improving, reliance on individual markers or clinical characteristics is unlikely to advance our understanding of the important relationships between multiple clinical features of a particular patient.
Continuing to advance our approach to identifying patients at higher risk for worse outcomes is important because the most aggressive therapy can be tailored to those patients at highest risk and therefore most likely to derive enhanced benefit. The evolution of cardiac troponins as markers of both increased risk and of enhanced benefit with glycoprotein IIb/IIIa inhibitors and enoxaparin is a classic paradigm, although the combination of therapies and procedures is made increasingly complex when considered in various patient populations defined by risk.
In practice settings where individual patient decisions are influenced directly by cost constraints and limited resources, models that easily and quickly identify higher risk patients will be valuable in the rationing of health care resources. While difficult to accept, this reality may become more widespread as our population ages and cardiovascular disease becomes more prevalent.
Patients are becoming increasingly savvy about their health care issues. Access to Internet information and direct-to-consumer marketing has increased patients' awareness of diseases and treatments. This trend is expected to continue. Many physicians struggle with how to discuss technical and challenging topics with patients, particularly when the time spent with each patient continues to dwindle based on pressures to see more patients. Providing clear succinct information based on longterm outcomes data would be a valuable tool to assist clinicians in discussing goals and expectations with patients and their families after presentation with ACS.
Limitations
These analyses have several limitations. First, the open-label trial design could potentially bias the reporting of events over time because of knowledge of the treatment assignment, although this is less likely to affect reports of death, and the completeness of the follow-up was more than 99%. Second, the models created from the SYNERGY data set are robust but only include variables that were collected on the standard case report form (CRF) tool. Therefore, there may be important predictors that were not included on the CRF including genetic factors, angiographic findings, and metabolic and inflammatory markers. Third, these results are only applicable to highrisk patients similar to those enrolled in the SYNERGY trial, and while the models enable the prediction of mortality, these data do not address whether changes in treatment or follow-up will change long-term outcomes.
CONCLUSIONS
The SYNERGY trial studied a high-risk cohort of NSTE ACS patients. The 1-year data show that this cohort of patients Figure 3 . Plot of mortality rates associated with scores calculated from the nomogram in Figure 2 . Table shows the predicted values for common point tallies.
remains at high risk for morbidity and mortality through 1-year follow-up. The models presented are consistent with prior work by others, but in a contemporary and aggressively managed population with high use of evidenced-based therapies. A unique model is presented with a simple nomogram that has good discriminative power to predict 1-year mortality in patients surviving at least 30 days after an ACS event. This clinical tool may be quite useful to healthcare providers to predict long-term outcome during follow-up clinic visits and to set expectations and goals with patients and families after an ACS event. The impact of risk assessment on patient management requires further study.
